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Overview
The “20-20-20” objectives set by the European Union for year 2020 (achieve a 20% share of renewable energies in overall energy consumption, save 20% of energy consumption compared to projections, as estimated by the Commission in its Green Paper on Energy Efficiency, achieve at least a 20% reduction of greenhouse gas emissions compared to 1990) are strongly pushing renewable energy sources (RES) and combined heat and power (CHP) technologies for electric energy production.

Such generation technologies have a significant potential for small-scale applications, thus fostering the new paradigm of Distributed Generation (DG), as opposed to conventional bulk power plants.

In principle, DG can provide several benefits, such as contributing to the achievement of the aforementioned “20-20-20” objectives and increasing security of supply. If properly sited, DG can also reduce network losses, allow for deferral of network expansion investments and increase the availability of power to final users.

On the other hand, DG is characterized by high investment costs, therefore in most cases it requires adequate incentives to become economically competitive. Moreover, it implies also costs at system level, such as the need for more reserve to face the intermittent nature of DG based on RES and the need to improve distribution networks (as far as protection, automation and communication systems are concerned) to enable their transition from “passive” to “active”, in parallel with the increasing penetration of DG.

Although this subject is recognized as a central point for power system development, only specific issues have been approached and only a few efforts have been devoted to develop a general methodology for a comprehensive evaluation of the economic impact of DG.
Within this context, aim of this paper is to provide an assessment of costs and benefits consequent to a significant development of Distributed Generation in the Italian power system. The evaluation has been carried out along the following two lines:
· a system-wide analysis on the development of the Italian power generation set till 2030, where different scenarios, entailing different levels of penetration of DG, are modelled, on the basis of different incentivizing policies; the analysis compares the considered scenarios mainly in terms of system costs related to investment and O&M for generation technologies, fuel consumptions, subsidies, CO2 emissions and related allowances / credits costs;

· a specific analysis on the impact of the levels of penetration of DG, determined in the system-wide analysis, on Medium Voltage (MV) distribution networks; the analysis has been carried out by modelling the installation of small generators along “typical” distribution lines, from the High Voltage / Medium Voltage interface to final users, in order to get some general conclusions starting from specific test cases; on one side, the benefits taken into account consist in the increase of availability of power supplied to final users (possibility of self-healing islands at MV level) and in reduction of losses; on the other side, investments in new network protection, automation and communication devices (i.e. additional costs) are considered.

Methods
The simulation tool used for the system-wide analysis is the multi-regional model of the Italian power system MATISSE, developed by CESI RICERCA and based on the MARKAL-TIMES model generator developed by the Energy Technology Systems Analysis Programme (ETSAP) of the International Energy Agency (IEA).

MATISSE can combine the energetic, socio-economic and environmental constraints of scenarios set up by the user to determine the optimal configurations (in terms of least overall cost) of the power system, both on the demand side, with different end-use technologies competing to provide the required energy services, and on the supply side, with different generation technologies competing to meet demand, over a given time period (the present study extends to 2030).
A peculiar characteristic of the MATISSE model is the ability to represent the Italian power system as a set of smaller power systems, one for each of the 20 Italian regions, modeled as interconnected by the High Voltage transmission network, that allows for a more detailed and realistic simulation of the evolution of the overall system taken into account.
As for the analysis on the impact of DG on the distribution network, the assessment of benefits (increased power availability, reduction of losses) has been carried out by means of an indirect Monte Carlo approach. “Typical” distribution lines, representative of the Italian distribution network, have been taken into account, and along such lines, different amounts of DG have been located. The use of a stochastic simulation is well suited to the study of such systems, where loads vary over time with a well known profile (load curve), while generators (in particular, DG based on RES) have an intermittent generation profile, with a significant random component. Using several simulations of the behaviour of DG in the distribution network, the reliability and availability of the power supplied to each load have been evaluated, together with the yearly cost associated to active losses. In this way, a quantitative evaluation of network performances has been carried out, allowing for a detailed comparison between different configurations, obtained by increasing the level of DG connected to typical MV feeders, representative of the Italian distribution system. 

Finally, the assessment of requirements of investments in new network protection, automation and communication devices/systems has been carried out with reference to different levels of “activity” of the network, i.e. different levels of penetration of DG and different requirements related to security and quality of the distribution service. The assessment is based on the current situation of the Italian MV networks, characterized by a high level of automation, control and protection systems, that made possible to achieve the stringent requirements set by the national regulatory authority in terms of availability and quality of power supplied to final customers.

Results
The system-wide analysis above described showed that a significant development of DG in the Italian power system is a necessary step towards the 2020 European objectives concerning RES penetration and CO2 emissions reduction. In particular, RES development, in large part related to DG, can reach the estimated national potential, provided that adequate incentive policies compensate for the higher costs of RES technologies. The incentive schemes currently in force are sufficient to adequately subsidize RES development, but their economic impact is quite relevant (between 7 and 8.5 billions € per year from 2020 on, corresponding to a consumer charge around 17-19 €/MWh). As for CO2 emissions reduction, the contribution of DG RES and CHP is significant, but the distance between the Italian power system’s emissions and the foreseen targets deriving from possible post-Kyoto agreements remains quite relevant without a strong commitment to improve efficiency of electric end-uses, thus reducing demand.

As for the specific analysis on the impact of DG on Medium Voltage (MV) distribution networks, the results show that network costs increase with the amount of DG connected. The cost increase function is “step-wise” as the cost increments are “lumpy” in nature (e.g. a new communication system is required when the DG amount is above a given threshold, but its cost is independent from the number of connected generators).

Conclusions

The analysis has shown that the increasing penetration of DG resources has a significant impact on the whole electric system and, in particular, on distribution networks. As for the whole system, the assessment showed that environmental and security of supply benefits of DG can be obtained only supporting it with strong incentive policies. Moreover, its contribution is not sufficient to reach future CO2 emissions targets, therefore additional measures on the demand side are necessary.

As for distribution networks, the cost/benefit analysis highlighted that there is no apparent advantage for distributors: as a consequence, it is necessary to give suitable signals to distributors, in order to increase their willingness to accept significant quantities of DG along MV networks. This can be achieved by means of a suitable tariff structure (i.e., socializing costs).

Even though the case study is focused on the Italian power system, the proposed methodology and the used tools are sufficiently general in nature, so that this work contributes to provide a better insight into the controversial problem of the economic impact evaluation of the Distributed Generation. 
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